. Phase Contrast Image of Giant Vesicles of Phosphate 6 (C = 2.5 10 -3 mg/ml) with Spherical and Discoid Shapes at pH = 4.8 (phosphate buffer) and T = 25°C Bar: 10 µm. [a] 2.4 6.5 4 [a] 2.8 6.6 5 [a] 2.9 7.8 [a] Values from ref. [5] 
Supplemental Experimental Procedures

Synthesis of Polyprenyl Phosphates and Polyprenyl Alcohols
Phosphorylation of Polyprenyl Alcohols: A number of phosphorylation methods leading to polyprenyl phosphates have been described. [S1] We have synthesized a series of monopolyprenyl phosphates -those of farnesol 2, geranylgeraniol 3, farnesylfarnesol 7, mono-cyclogeranylgeraniol 6, phytol 4 ( Figure S4 ) -as their sodium salts, by the Cramer phosphorylation modified by Danilov and coll., [S2] and isolated the products from the reaction mixture as the cyclohexylammonium salts, as reported by Julia and coll. [S3] For the synthesis of phytanyl phosphate 5, we used the synthetic method of Nishikawa and coll. ( Figure S5 ). [S4] After cation exchange (CM Sepharose ® column, Na + form) the sodium salts were obtained and the products were characterized by 1 H, 13 C, 31 P NMR and MS spectra. The nonaprenyl phosphate 8 was obtained from Nishin Flour Milling Co. (R = farnesyl, geranylgeranyl, phytyl, mono-cyclogeranylgeranyl) (Yield between 60 to 80 %)
Synthesis of geranylfarnesol 9 and farnesylfarnesol 10: For the preparation of 9 and 10, we used the method developed by Altman and coll. for the synthesis of geranylgeraniol 11
( Figure S6 ).
[S5] The alcohol 11 has been converted to geranylgeranylphenylsulfide 26 by Ito's method in a 95% yield. [S6] Allylic oxidation with selenium dioxide of the isopentanylbenzylether 18 and the geranylbenzylether 19 using the Chappe procedure modified by Sharpless and coll. [S7] , afforded the allylic alcohols 20 and 21 after reduction by sodium borohydride in 71% and 88% yields. The corresponding chlorides 22 and 23 were prepared by Corey's procedure [S8] and their alkylation with geranylgeranylphenylsulfide 26
by the Bielmann-Ducep method [S9] afforded 24 and 25 in respectively 74% and 68% yields.
Reductive cleavage of the phenylthioether and benzyl groups from the alkylated sulfides was conveniently accomplished by exposure to lithium in ethylamine solution to give 9 and 10 in yields of 86% and 91%. Figure S6 . Synthesis of All-trans-Geranylfarnesol 9 and All-trans-Farnesylfarnesol 10
Synthesis of Mono-Cyclopolyprenyl Alcohols:
The β-cyclogeranylphenylsulfone 27 was given us by Kuraray Co and was utilized for the synthesis of the mono-cyclopolyprenyl alcohols. As shown in Figure S7 , 12-chlorofarnesylbenzylether 28 was synthesized by the same procedure as 8-chlorogeranylbenzylether 23 and both were coupled with the β-cyclogeranylphenylsulfone 27 by the Bielmann-Ducep method [S9] to afford 29 and 30 in respectively 82% and 85% yields. Reductive cleavage of the phenylthio and benzyl groups of the alkylated sulfides was accomplished with the same procedure as for the polyprenyl alcohols, by exposure to lithium in ethylamine solution to give monocyclogeranylgeraniol 12 and monocyclogeranylfarnesol 25 in respectively 89% and 87% yields. Figure S7 . Synthesis of 12-Chlorofarnesyl-Benzylether 28 and of All-transMonocyclopolyprenyl Alcohols (12, 13)
Synthesis of Alcohols
General: All reactions were carried out under an argon atmosphere. THF were distilled from Na/benzophenone. CH 2 Cl 2 and pyridine were dried and distilled over CaH 2 .
Hexamethylphosphoramide and tetramethylethylenediamine were distilled prior each use.
Anhydrous ethylamine was purchased from Fluka, n-butyllithium in hexane (nominally 1.6 M)
was purchased from Aldrich and titrated before each use. Thin layer chromatography (TLC) was performed on glass plates coated with silica gel 60 F254 (Merck). Column chromatography was carried out on silica gel 60 (Merck, 70-230 mesh). To a solution of N-chloro-succimide (1.54 g; 10 mmol) in dry CH 2 Cl 2 (50 mL) at -45°C, was added dropewise dimethyl sulfide (0.8 mL ; 11 mmol). The temperature was allowed to warm up to 0°C and the resulting solution was stirred for another hour. Then the mixture was cooled to -40°C and a solution of A (3g; 9.13 mmol) in 20 mL of CH 2 Cl 2 was added. After 1 h at 0°C and 15 min room temperature, the reaction was quenched with a cold saturated solution of NaCl and the mixture was extracted three times with hexane. To a stirred solution of sulfone 27 (2 g; 7.18 mmol) in dry THF (20 mL) under argon at -78°C was added dropwise n-butyllithium (1.6 M in hexane solution, 4.93 mL ; 7.9 mmol). The resulting yellow solution was stirred for 30 min at -78°C and for 30 min at 0°C. The solution was cooled to -78°C, then tetramethylethylenediamine (1.03 mL ; 8.6 mmol) and a solution of chloride 23 freshly prepared (2.4 g ; 8.61 mmol) in dry THF (10 mL) were added over 15 min.
The mixture was allowed to warm to room temperature over 30 min. To a stirred solution of sulfone 27 (2 g ; 7.18 mmol) in dry THF (20 mL) under argon at -78°C was added dropwise n-butyllithium (1.6 M in hexane solution, 4.93 mL ; 7.9 mmol).
The resulting yellow solution was stirred for 30 min at -78°C and for 30 min at 0°C. The solution was cooled to -78°C, then tetramethylethylenediamine (1.03 mL ; 8.6 mmol) and a solution of chloride 28 freshly prepared (2.99 g ; 8.61 mmol) in dry THF (10 mL) were added over 15 min. The mixture was allowed to warm to room temperature over 30 min. (2E,6E)-3,7-dimethyl-9-(2,6,6-trimethylcyclohex-1-enyl)nona-2,6-dien-1-ol 12
To a dry ethylamine (30 mL) at -78°C was added lithium wire (500 mg; 72 mmol) as small pieces. The temperature of the blue solution was brought to 0°C for 1.5 h to ensure dissolution and then decreased to -78°C where upon the coupled product 29 (2.5 g; 4.8 mmol)
in dry THF (10 mL) was added slowly and the resulting solution allowed to stir an additional 15 min. Maintaining the temperature at -78°C, sodium benzoate was added until the blue colour was totally dissipated and the resulting yellow solution was then quenched with MeOH until colourless. After attaining room temperature, water was added until all the solids dissolved and the volatiles were carefully evaporated under reduced pressure. (2E,6E,10E)-3,7,11-trimethyl-13-(2,6,6-trimethylcyclohex-1-enyl)trideca-2,6,10-trien-1-ol
13
To a dry ethylamine (40 mL) at -78°C was added lithium wire (177 mg; 25.5 mmol) as small pieces. The temperature of the blue solution was brought to 0°C for 1.5 h to ensure dissolution and then decreased to -78°C where upon the coupled product 30 (1.8 g ; 1.7 mmol) in dry THF (10 mL) was added slowly and the resulting solution allowed to stir an additional 15 min. Maintaining the temperature at -78°C, sodium benzoate was added until the blue colour was totally dissipated and the resulting yellow solution was then quenched with MeOH until colourless. After attaining room temperature, water was added until all the solids dissolved and the volatiles were carefully evaporated under reduced pressure. The resulting cloudy solution was extracted four times with ether. The combined organic layer was washed with water, brine, dried over MgSO 4 , filtered, and concentrated to dryness. To a stirred solution of geranylgeraniol 11 (5 g , 17.2 mol) in dry pyridine (7 mL; 86 mmol) under an argon atmosphere was added diphenyl disulfide (7.42 g ; 34.4 mmol), the mixture was cooled at 0°C in an ice bath, and tri-n-butylphosphine (7.52 mL ; 34.4 mmol) was added dropwise. The ice bath was removed and the solution was stirred overnight at room temperature. The reaction was treated with NaBH 4 (1.95 g; 51.6 mmol) for 1 h, quenched with NaOH 2M and the mixture was extracted three times with EtOAc. The combined organic layer was washed with HCl 5%, water, brine, dried over MgSO 4 , filtered, and concentrated to dryness. Purification of the resulting yellow oily residue by chromatography on silica gel with hexane, yielded 6.25 g (80%) of 26 as a colourless oil: R f = 0.54 (hexane). To a stirred solution of sulfide 26 (1.5 g ; 3,9 mmol) in dry THF (16 mL) under argon at -78°C was added dropwise n-butyllithium (1.6 M in hexane solution, 2.7 mL ;4.29 mmol). 4, 5, 8, 9, 12, 13, 16, 17) ), 4.11 (d, J= 6,9 Hz, 2H, CH 2 (1)), 5. 03-5.09 (m, 4H, H vinyliques(6,10,14,18) ), 5.38-5.42 (t, J =6,9 Hz, 1H, H vinylique(2)); 60 (s, 15H, CH 3 (7', 11', 15', 19', 23') ), 1.68 (s, 6H, CH 3 (3',24)), 2.01-2.08 (m, 20H, H allylics(4,5,8,9,12,13,16,17,20,21) ), 4.13 (d, J= 6,8 Hz, 2H, CH 2 (1)), 5.11-5.17 (m, 5H, H vinylics(6,10,14,18,22) ), 5.38-5.42 (t, J =6,8 Hz, 1H, H vinylic(2)); 13 C-NMR (50 MHz, CDCl 3 ) : 16.1 (C-7',11',15',19'), 16.3 (C-19'), 17.7 (C-3'), 25.7 (C-24), 26.4, 26.7, 26.8, 29.8 (C-5,9,13,17,21), 39.6, 39.8 (C-4,8,12,16,20) , 59.5 (C-1), 123.4, 123.8, 124.2, 124.3, 124.5 (C-2,6,10,14,18,22), 131.3 (C-23), 135.0 (C-7,11,15,19) 
pKa Titration of Farnesyl Phosphate 2
The protonation constants of farnesyl phosphate 2 were investigated using potentiometric titrations.
Preparation of Solutions:
All the solutions were prepared in distilled water. The solution of disodium salt of farnesyl phosphate was prepared by dissolving 60 mg in 10 ml of HCl (∼7x10 -3 M). The suspension of vesicles has been sonicated in the water bath (sonorex RK 100H, Bandelin, German) for 10 minutes. Then, the mixture was extruded through polycarbonate filters (Nucleopore, 1000 µm, 800 µm, 400 µm and 200 µm) in the extruder (Lipex, Biomembranes Inc., Canada).
Potentiometric Titrations:
The acidic solution of farnesyl phosphate was titrated by carbonate-free NaOH.
Potentiometric titrations were performed using an automatic titrator system DMS 716 Titrino (Metrohm) with a combined glass electrodes (Metrohm 6.0234.100, Long Life) filled with 0.1 M NaCl (Fluka, p.a.) in water. The ionic strength was fixed at I = 0.1 M with NaCl (Merck, suprapur). The combined glass electrode was calibrated as a hydrogen concentration probe by titrating known amounts of CO 2 -free NaOH with HCl solutions. [S10] The cell was thermostated at 25.0 ± 0.2 °C by the flow of a Haake FJ thermostat. A stream of argon, presaturated with water vapour, was passed over the surface of the solution. The potentiometric data (about 140 points for each titration) were refined with the Hyperquad 2000 program [S11] which uses non-linear least-squares methods. [S12] Potentiometric data points were weighted by a formula allowing greater pH errors in the region of an end-point than elsewhere. Figure S9 . Solvent: water, I = 0.1M NaCl, T = (25± 0.2)°C. The uncertainties were estimates as 3σ.
The distribution curves of the protonation constants of ligand (6x10 -4 M) as a function of pH were calculated using the Haltafall program [S13] and are presented in Figure S10 . [P] tot = 6 × 10 -4 M, I = 0.1 M NaCl, T = (25.0 ± 0.2)°C.
